Introduction
The emergence of copper metallurgy in China can generally be traced back to the late third and early second millennia BC in several regions, including the Northwest, the Northern Zone and the Central Plain (Mei 2009 ). Archaeological discoveries to date, however, suggest that the widespread adoption of copper and bronze metallurgy in the territory of present-day China did not occur until the later part of the second millennium BC (Figure 1 ). The significant discoveries from the so-called 'peripheral areas' outside the core area of the Shang Kingdom in the Central Plain have given recognition to indigenous developments of bronze metallurgy in these areas, and stimulated substantial research interest among scholars both in China and abroad over the past decades (Kane 1974; Bagley 1977 Bagley , 1990 Bagley , 1993 Bagley , 1999 B. Li 1990) . While previous studies centred mainly on the typology, decorative styles and casting methods of the bronze objects, more recent attention has shifted to their scientific analysis in order to evaluate the technological similarity and diversity between the culturally different regions that produced them (Chen & Mei 2006; Ma et al. 2012; Cui & Wu 2013) .
Among the so-called 'peripheral areas' outside the core area of the Shang Kingdom, the Hanzhong basin is undoubtedly one of the most intriguing. More than 700 bronze artefacts have been unearthed there since the 1950s, most of them dated to the late Shang period (fourteenth to eleventh centuries BC; Table 1 ). Earlier systematic examination of the Hanzhong bronzes has already revealed a number of the more significant technological characteristics of these bronzes Mei et al. 2009 ). Examination of the Hanzhong bronzes from a wider cultural-technological perspective, however, has allowed C Antiquity Publications Ltd, 2016 us to show that the Hanzhong region not only possessed its own indigenous metallurgical production, but also played an active role in interregional exchanges during the late Shang period. The results demonstrate that the development of metallurgical production in the late Shang period would be better framed within an exchange network of multiple regional centres, rather than an over-simplified core-periphery model.
The Hanzhong bronzes and their technological characteristics
The Hanzhong basin, situated in the south-western part of Shaanxi Province, is located on the upper reaches of the Han River and surrounded by the Qinling mountain range to the north and the Daba-Micang Mountains to the south (Figure 1 ). The basin has geographic connections reaching south-west to the Chengdu Plain, north to the Wei River valley and south to the Middle Yangtze region, making it an important centre for communication networks between different parts of China, a role that it has performed since the Neolithic Yangshao period (c. fifth to third millennia BC; SKY 1994). Since the 1950s, dozens of ancient bronze hoards or caches have been found around the confluence of the Han and Xushui Rivers (Duan 1963; Tang et al. 1980; Chai et al. 2005) , forming the Hanzhong bronze group, also known as the 'Chengyang bronze group', after the two counties of Chenggu and Yangxian in the eastern part of the basin (Zhao 1996) . The total assemblage of Hanzhong bronzes, as counted in 2006, consists of more than 700 objects from 33 caches at 19 different sites (Figure 2 ). The group includes hundreds of weapons and 'Yang' discs (Figure 3: 12 & 13) , dozens of ritual vessels, masks, 'Zhang' sceptres (Figure 3: 16 & 17) , sickle-shaped objects (Figure 3: 18 & 19) , and a few tools and ornaments (see online supplement 1 for a detailed list of the bronze caches and objects yielded) (Zhao 2006) . The term 'Yang' discs refers to a group of pointed or perforated discs about 100mm in diameter, which are considered by some scholars to have been used as bosses on shields (Huang & Da 2007) . A disc of a similar shape was unearthed at the Liulihe cemetery in Beijing, bearing an inscription indicating that it was named 'Yang' (Wang 2006; Cao 2011 (drawings after Cao 2006; Zhao 2006 similar shape were mostly made of jade or stone, and some scholars believe that they were used as ritual objects (X. Li 1992) .
As a group, these bronzes, often found accidentally by farmers, have been assigned to the 'Baoshan Culture', which takes its name from the only extensively excavated site in the region, contemporary with the Shang culture of the Central Plain (XDWX 2002) . Typological studies suggest an approximate date range from the Upper Erligang to the Late Anyang (Yinxu) periods, spanning the fourteenth to the eleventh centuries BC (Cao 2006; Zhao 2006) , although some pieces in the group may date to the Western Zhou period (eleventh to eighth centuries BC) (C. Li 2007; von Falkenhausen 2011) . The large number and great variety of objects (Figure 3 ) make the Hanzhong bronzes an outstanding example of the regional bronze cultures in the areas surrounding the core region of the Shang Kingdom, and have stimulated considerable research (B. Li 1983; Zhao 1996; X. Li 1997) . While earlier studies concentrated on the Shang influences apparent in the Hanzhong bronzes, more recent work has put greater emphasis on its culturally mixed traits and connections with other contemporary bronze cultures (C. Li 2007; Bagley 2011; Rawson 2011; von Falkenhausen 2011) . The existence of an indigenous metallurgical tradition in Hanzhong and its contribution to this group of bronzes, however, together with the dynamics of its interaction with other regions, remains uncertain and controversial.
Recent archaeometallurgical research has revealed important information that allows further analysis of the Hanzhong bronzes Mei et al. 2009 ). More than 200 artefacts have been sampled for scientific analysis of their chemical composition and microstructure. They include 39 vessels, 54 weapons, 51 Yang discs, 19 masks, 31 sickle-shaped objects and 10 Zhang sceptres from 24 different caches, thus covering all the major types of this group of bronzes. Analysis by Electron Probe Microanalysis (EPMA) and Wavelength Dispersive Spectrometer (EPMA-WDS) was carried out in the Wolfson Archaeological Science Laboratories at the UCL Institute of Archaeology in London. A description of the analytical methods used and complete chemical composition data is presented in online supplement 2.
Seven different materials have been identified among the objects analysed, namely: unalloyed copper (Cu: 35 objects); tin bronze (Cu-Sn: 68); leaded tin bronze (Cu-SnPb: 81); leaded copper (Cu-Pb: 7); arsenical copper (Cu-As: 3); antimonial copper (Cu-Sb: 4); and copper-arsenic-nickel alloy (Cu-As-Ni: 6). It is not surprising that Cu-Sn, Cu-Pb and Cu-Sn-Pb account for the majority (more than 75%) of the objects analysed, reflecting the dominant role of the tin/lead bronze system in most contemporary Bronze Age cultures in China (Su et al. 1998; Han & Ko 2007; Figure 4) . A considerable proportion of unalloyed copper and the occurrence of rare alloys such as Cu-As, Cu-Sb and Cu-As-Ni, however, clearly demonstrate technological complexity and distinctiveness among the Hanzhong bronzes.
The results become more intriguing when plotted according to the different categories of object. The two most stylistically distinctive categories, sickle-shaped objects and Zhang sceptres, immediately stand out from the other artefact types ( Figure 5 ). While notable portions of the vessel, weapon, Yang disc and mask categories were composed of tin/lead bronze, this was not used for sickle-shaped objects and Zhang sceptres, which were predominantly made of unalloyed copper and, less commonly, of what were probably C Antiquity Publications Ltd, 2016 'natural' alloys (Cu-As, Cu-Sb and Cu-As-Ni) that have not been identified in the other artefacts ( Figure 5 ). Moreover, arsenic, antimony and nickel are frequently detected as minor/trace elements (<2 wt%) in samples taken from sickle-shaped objects and Zhang sceptres, but they are much scarcer in other artefact categories (see online supplement 2).
C Antiquity Publications Ltd, 2016 This suggests the presence of a local multi-metallic mineral source that could have been used to make the natural alloys.
The results of the analysis of the Hanzhong bronzes are highly significant for the study of bronze metallurgy in the Shang period. Never before has such a wide range of metals or alloys been documented in Shang-period metallurgy, nor has such a close match between specific artefact types and particular compositions been observed. More important still, the results revealed a distinct metal-using tradition, represented by the sickle-shaped objects and Zhang sceptres , that offers crucial scientific evidence for the existence of indigenous metallurgical production in Hanzhong, and for interaction between this centre and other regions.
Indigenous metallurgical production in Hanzhong
The sickle-shaped objects and the Zhang sceptres, which may have been used as insignia during ceremonial activities (X. Li 1997) , are the most distinctive artefacts among the Hanzhong bronzes. Jade or stone Zhang sceptres were widely used as ritual objects in late Neolithic continental East Asia (X. Li 1992) . During the Shang period, however, they seem to have been employed to a significant extent only in two regions: the Hanzhong basin and the Chengdu Plain (ZSKY 2003) . Furthermore, it is only in Hanzhong that Zhang sceptres made of copper or bronze have been recovered in considerable numbers, while in the Chengdu Plain of Sichuan, only two miniature bronze Zhang sceptres have been reported so far (SWKY 1999; CWKY 2004) . It is interesting to note that no items analogous to the Hanzhong sickle-shaped objects have been found anywhere else.
Further evidence for the existence of indigenous metallurgical production is provided by the discovery of three fragments of sickle-shaped objects during the excavation of the Baoshan site, the only archaeological site in the Hanzhong region dating to the late Shang period that has been properly excavated (XDWX 2002) . Recent scientific examination of these pieces shows that two contain antimony (at the level of 4-6 wt%), and one contains a small amount of arsenic (Chen et al. 2012a ). This result is fully consistent with the compositional features of other sickle-shaped objects recovered in Hanzhong. The stylistic and chemical distinctness of sickle-shaped objects, as well as their direct association with the local archaeological culture, strongly imply that there must have been indigenous metallurgical production in the Hanzhong basin during the late centuries of the second millennium BC ).
In the absence of direct archaeological evidence for the production process, many aspects of the local metalworking industry in Hanzhong are still unclear. The analytical data from bronze objects, however, provides, for the first time, an empirical criterion for identifying locally manufactured objects, namely the use of copper and natural copper-arsenic-antimony alloys instead of the leaded bronze prevalent in Shang metalwork. This is especially significant for a better understanding of the Hanzhong bronzes when we consider the complexity of the cultural traits revealed by previous stylistic studies (C. Li 2007; von Falkenhausen 2011) . From their typological features, sickle-shaped objects, Zhang sceptres and socketed axes with blunt curved blades (Figure 3: 10, (16) (17) (18) (19) are most probably the product of local foundries C Antiquity Publications Ltd, 2016 in Hanzhong, while many other artefacts among the group of bronzes found in this region may have had their origins outside the Hanzhong basin.
Hanzhong in a network of interregional exchange
Many scholars have already observed that, among the Hanzhong finds, a number of ritual vessels of typical Shang style, and often of high quality, are a clear indication of the influence that Hanzhong received from the Shang metropolitan areas within a framework of 'core-periphery' interaction dynamics in Bronze Age China. Depending on their degree of similarity to Shang examples, bronzes recovered in Hanzhong, as with vessels from many other regions outside the Central Plain, have often been assigned ambiguous labels such as 'Shang-style', 'local' or 'hybrid ' (B. Li 1983; Zhao 1996; Rawson 2011) . These labels and their associated notions could be misleading, however, because they may oversimplify the complicated interaction network linking the many different regions. At the same time, the possible contribution of local metalworking, at least in the case of Hanzhong, may have been overestimated, as the term 'hybrid' often carries the implication that such pieces were made locally under the influence of another region. Yang discs and masks provide good examples of pieces that have been called 'local' or 'hybrid', but may not indeed have been made at Hanzhong.
It has been suggested that Yang discs and masks were most probably used as shield buckles or parts of armour (Wang 2006; Cao 2011) . Many scholars tend to describe them as local Hanzhong products because of their remarkable stylistic characteristics and their occurrence in large numbers in that area (283 Yang discs and 48 masks) (Zhao 1996; Cao 2006; Wang 2006) . Other opinions now suggest, however, that these unusual objects may have come from central Shaanxi, rather than being made locally, following the discovery of analogous pointed Yang discs at the Laoniupo site in central Shaanxi (Chen 2010; von Falkenhausen 2011) . A connection between Hanzhong and the Guanzhong region in central Shaanxi is also supported by the results of our analysis. The Yang discs and masks, together with different types of 'Ge' (dagger-axe) from the same cache, are all made of remarkably high-quality (leaded) tin bronzes, which are easily distinguished from the products of local foundries ( Figure 5 ). In addition to several almost identical Yang discs and masks, moulds for casting such objects have been excavated at the Laoniupo site in central Shaanxi (Figure 6; Liu 2002) . As most of the Yang discs and masks were recovered from one single cache at Sucun Xiaozhong, it is reasonable to suggest that they were imported from central Shaanxi, rather than cast in the Hanzhong basin. Even though the assemblage at Sucun Xiaozhong probably dates to the Anyang period, based on stylistic grounds, the presence of several Erligang-style (c. 1600 to 1400 BC) tripod vessels among the Hanzhong bronzes suggests that the flow of bronzes from central Shaanxi to the Hanzhong basin might have started earlier (Chen et al. 2012b ).
Hanzhong's connection with the Middle Yangtze River valley via the Hanshui River is also widely recognised by many scholars (Cao 2006; Bagley 2011; von Falkenhausen 2011) . It has been suggested that high-quality bronze vessels of typical Erligang style found at Longtou may have been imported from Panlongcheng, a Shang offshoot site in Hubei in the Middle Yangtze valley (Figure 1) . Vessels from the Longtou assemblage not only show C Antiquity Publications Ltd, 2016
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Indigenous production and interregional exchange Figure 6. Bronze masks, Yang discs and moulds excavated from the Laoniupo site in central Shaanxi (after Liu 2002).
typological similarities with their counterparts at Panlongcheng, but some of them also exhibit exactly the same technical features. For example, bowl-shaped, ritual 'Gui' vessels from both Hanzhong and Panlongcheng both have cast-on handles; that is, the vessel bodies were made first and then the handles were cast onto them (Chen 2010) . Although Panlongcheng was abandoned during the Anyang period with the decline of Shang power in the south, the connection between Hanzhong and the Yangtze region seems never to have been cut off. The presence of large, circular, shouldered vessels in Hanzhong is good evidence for this continuing connection between the two regions during the late Anyang period (Figure 7) . These large, circular, shouldered vessels, often called 'Zun' or 'Lei' and dated to the Anyang period, stand out among the Hanzhong bronzes because of their quantity and splendid decoration (Zhao 2006) . They feature ornate high-relief decoration, jagged flanges and bands of whorl-shaped bosses, which are rather different from their counterparts in Anyang. During the 1970s and early 1980s, they were recognised as characteristics of independent southern bronze-manufacturing traditions in the Yangtze region, contemporaneous with the late Shang and Western Zhou periods in the Central Plain of China (Kane 1974; Gao 1981) . Numerous new discoveries of similar vessels in Anhui, Hunan, Hubei and Jiangxi provinces provide further evidence to support the notion of one or more southern origins for these vessels. Several places in the Middle and Lower Yangtze River region have been suggested as their production centres (Rawson 1994; Shi 1998; Zhang 2004) . It seems reasonable, therefore, to suggest that the large, circular, shouldered vessels recovered in the Hanzhong basin were imported from the Middle Yangtze River region via the Han River. It C Antiquity Publications Ltd, 2016 Shaanxi, Hubei, Sanxingdui and Sichuan (after Jiangxi Museum 1997; SWKY 1999; Zhao 2006) . is of great interest to note that very similar large, circular, shouldered vessels, 'Zun', have also been found at the Sanxingdui site (Figure 1 ) in the Chengdu Plain, Sichuan Province (Jiang 2006; Zhang 2006) . This strongly implies the existence of a network of regional exchanges, in which Hanzhong could have acted as a link between the Chengdu Plain and the Middle Yangtze River region, with the Han River as a crucial route of transportation.
Figure 7. 'Southern style' Zun and Lei vessels from
Beyond the 'core-periphery' model
It has become increasingly clear that the most remarkable aspect of the Hanzhong bronzes is their diversity, in both typology and technology (C. Li 2007; Chen 2010; von Falkenhausen 2011) . Even though the Hanzhong bronzes have generally been considered a single integral assemblage, they in fact comprise different groups of products from different regions. This observation leads to the recognition of multi-directional connections between the Hanzhong basin and many other regions, notably the Chengdu Plain in Sichuan to the south, the Guanzhong region in Shaanxi to the north and west, and the Middle Yangtze valley in Hubei and Hunan to the east and south-east. As many scholars have repeatedly pointed out, the presence of Erligang and Anyang bronzes among the Hanzhong bronze group would indicate contacts with the core areas of the Shang culture (B. Li 1990; Zhao C Antiquity Publications Ltd, 2016 1996), but it is important to keep in mind that any influence from the core Shang areas would probably not have come to Hanzhong directly. Geographically contiguous regions in the Hubei and Shaanxi provinces would probably have acted as intermediaries for these contacts. More importantly, these regions would have made their own contribution to the Hanzhong region through these cultural exchanges (C. Li 2007; von Falkenhausen 2011) . It seems, therefore, that Hanzhong acted as the nodal point of an exchange network during the Shang period. It was not a remote centre receiving cultural influence directly from the core areas of the Shang Kingdom, as a 'core-periphery' model might suggest.
Several major questions do, however, remain unanswered regarding the Hanzhong bronze group. Firstly, what was the purpose of the numerous caches and hoards, and can they tell us more about the nature of the contact that brought these bronzes to Hanzhong? One of the largest hoards, the Sucun Xiaozhong assemblage, consists almost exclusively of material that probably came from central Shaanxi to the north. This may indicate that, in this case, the bronzes were acquired in a single event, although that begs the question as to why such a quantity was imported. The social context behind these and other such movements of materials must also be considered. Another issue that requires thought is the manufacture of a small number of sickles and Zhang sceptres that appear to be made from tin bronze: were they made of imported Shang metals, such as bronze vessels looted or otherwise acquired, or were they made locally from materials with a different (arsenic-rich) trace element signature? Finally, interpretation must accommodate the lack of archaeological evidence for actual metallurgical sites. Even though we argue for the existence of indigenous metallurgical production in Hanzhong on the basis of the scientific evidence available so far, details of location and scale remain unknown. Consequently, this argument must remain a hypothesis until concrete evidence for actual metallurgical sites is found and confirmed in Hanzhong.
Conclusions
Recent technological studies show an unexpected complexity to the Hanzhong group of bronzes. Typologically unusual elements, such as the sickle-shaped objects and Zhang sceptres, have a very distinctive chemical composition. The close correlation between these stylistically local items and their unusual compositions, together with their close affiliation with the native Baoshan Culture, strongly implies that they were manufactured locally and that indigenous metallurgical production existed in the Hanzhong basin during the last centuries of the second millennium BC. By contrast, numerous other stylistically remarkable objects, namely the Yang discs and masks, have a different chemical composition, and may have been imported from production centres north of the Qinling Mountains, in central Shaanxi. Yet another group of artefacts, predominantly vessels of various styles, may have been linked to production centres in the Middle Yangtze region, which may have been under the direct control or influence of the Central Plain polity during the Erligang period but more probably enjoyed independence from Shang power during the Anyang period. Finally, among the Hanzhong bronzes are a number of ritual vessels that undoubtedly came from the Central Plain via central and eastern Shaanxi or the Hanshui River valley to the east. C Antiquity Publications Ltd, 2016 The most remarkable aspect of the Hanzhong group of bronzes is, therefore, their diversity and complexity in both typology and technology. The co-existence of objects of such diverse origins makes the group a unique cultural mixture. Given the relatively small proportion of locally made objects in the assemblage, the Hanzhong basin during the Bronze Age was more likely to have been a place where bronzes were imported and exchanged, rather than an important production centre for the manufacture of such a wide range of objects, including ritual vessels. Its special geographic position makes Hanzhong a pivotal crossroads, linking a number of regional centres between the Yellow River in the north and the Yangtze River in the south. It can be argued that the Hanzhong basin acted as a nodal point in an exchange network connecting different cultural groups.
The exchange network proposed in this study indicates the need to transcend the constraints of the overly simplistic 'core-periphery' paradigm. It also demonstrates the complexity of the metallurgical landscape during the late Shang period of the late second millennium BC, which was characterised by the strong development of indigenous metallurgical centres in a number of regions, as well as by extensive interregional contacts and exchanges. In this landscape, individual regional bronze cultures were not simply all unilaterally linked to the Shang culture at the centre; instead, they had a considerable amount of interaction and exchange with each other. A new understanding of the Hanzhong bronzes not only places Hanzhong as one of several nodes in the exchange network, but also throws new light on the richness of bronze metallurgy in Bronze Age China.
